Notes on degeneracies in the continuum fitting
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Mean flux, mean continuum, quasar amplitudes... everything is degenerated!

I. QUASAR CONTINUUM MODEL

We want to extract information about the Lya absorption from a set of N quasar lines of sight. We will use f;()) to
refer to the observed flux in the spectrum of quasar ¢, as a function of observed wavelength. From now, we won’t take
into account the fact that we observe a set of finite size pixels, and work with the spectra as if they were continuous
functions.

Even though in the real we will take into account things like sky flux, calibration vectors and observational noise,
here we keep it simple and model our observed flux as:

fa(A) = Cq(A) Fy(N) (1)

where Cy(A) is the continuum of the quasar and F,()) the Lya transmission at a given redshift z = A/A, — 1 (with
Ao = 1215.67A the restframe wavelength of the Lyo transition) along the line of sight to quasar q.

The Lya transmission Fy(\) is obviously one for restframe wavelengths larger than the Ly emission line (we will
use the term red pizels to refer to these). For smaller restframe wavelengths (from now on, blue pizels), its value can
be expressed as a perturbation &,()\) around the mean transmission F'(\) at a particular redshift :

Fy(N) = FA) [1484(A)] - (2)

Traditionally, the continuum C,(A) of high signal to noise spectra has been fitted by eye. The large size of the
SDSS quasar survey, as well as the poorer signal to noise of its spectra, required fully automated continuum fits. The
approach used here is based in that developed during the first SDSS analysis [1], and in the first BOSS analysis [2].

In short, we assume that the shape of the continuum is the same in all quasars. The continuum is then shifted
horizontally as a function of quasar redshift z;, and vertically as a function of quasar magnitude:

Cq(N) = Ag Clrest) 3)

where Ajest is the restframe wavelength A = Avegq[1 + 24].

In this analysis we introduce another free parameter per quasar By, to control the amplitude inside the forest,
defined as a certain restframe range (AL, A2 ). For simplicity, in these notes we will not consider blue pixels outside
the forest, and assume that everything bluer than the Lya emission line is part of the forest.

We can now write our model for the continuum in blue pixels (Z)

fq (V) =A4q By Cest) F(A) [1+6,(N)] (4)
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and in red pixels ()

FEO) = Ay Chvest) - (5)

II. DEGENERACIES

In order to fit our set of spectra we need to measure two global functions (F(A\) and C(Aest)) and two amplitudes
for each spectrum (A4,By).

A. Amplitude degeneracies

It is easy to see that these parameters are degenerated, and we can not be able to measure all of them, but only
some combination of these. For instance, we could divide all our parameters A, by a given factor, and multiply C by
the same factor. Equivalently, we could divide all parameters B, by a certain factor, and reabsorbe it by multiplying
F by the same amount.

In order to break these degeneracies, we normalize our mean continuum C by requiring its integral over the Ly«
forest to be unity, and we fix the value of F' at a certain redshift F(z = 2.25) = 0.8.

B. Power law degeneracies

There is a more subtle degeneracy between the slope of the mean transmission F(\) and that of the mean continuum
C (Arest), given the relation between observed and restframe wavelength A\ = Aest[1 + 24]. We can always fit both F
and the blue part of C' with a power law, and decompose the functions as a product of the power law and a residual
flat function:

F\) =)? () (6)

and

CMest) = Aogi CAvest) - (7)

Let’s now look at the model for blue pixels of a given quasar:

rest

:Aqu{ A ré< A )A¢F(z\)[1+6q(/\)]

FEN) = Ay By Moy COvest) A* ) [1+6,(V)]

1+ 24 1+ 24
By o Af A R
:Aqw)\+¢0(1+zq> FO) [1+6,N)] . (8)

It is clear now that we can not constrain the slope of both power laws. In other words, we can tilt £ and reabsorb
this by tilting the blue part of C' in the oposite direction.

In order to break this degeneracy, we can fix the slope of the best fit power law of one of the two components to an
arbitrary value, and tilt the other function accordingly.

[AF: We should figure out the most efficient / cleanest way to do this. ]

Probably the easiest way to do this is the following:

e Normalize mean flux at F(z = 2.25) = 0.8.

e Measure a logarithmic slope by computing the following integrals over a certain relevant redshift range (2.0 <
z < 4.0, for example):

~ [dz In(F(2)/0.8)

“T Tdz ([ +2]/3.25) 9)




e Tilt the mean flux to have the desired logarithmic slope ¢:

F(z) = F(z) F;;ﬂ o (10)

e Tilt the mean continuum in the opposite direction:

C(Arest) = CArest) X227 . (11)

e Normalize the mean continuum as usual.
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